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ABSTRACT
Background: Soy is commonly consumed in east Asian countries and is suggested to reduce colorectal cancer (CRC)

risk. However, results from epidemiologic studies are inconsistent, despite the anti-inflammatory and antiproliferative

properties of soy isoflavones and soy protein.

Objective: We evaluated the association between soy isoflavones and soy protein and CRC risk using 4 prospective

cohort studies from China and Japan.

Methods: Data were pooled from the Shanghai Women’s Health Study (SWHS), Shanghai Men’s Health Study (SMHS),

Japan Public Health Center–based Prospective Study Cohort 1 (JPHC1), and Cohort 2 (JPHC2). Cox proportional hazards

models estimated HRs and corresponding 95% CIs for the association of soy protein and isoflavone intake with CRC

risk. The study included 205,060 individuals, among whom 2971 were diagnosed with incident CRC over an average

follow-up of 12.7 y.

Results: No statistically significant associations with CRC risk were observed for soy protein or isoflavone intake. No

association was observed among ever smokers consuming higher isoflavones (HRisoflavones: 0.83; 95% CI: 0.68, 1.00)

and soy protein (HRsoy protein: 0.81; 95% CI: 0.39, 1.10). However, risk reductions were observed among premenopausal

women with a body mass index [BMI (kg/m2)] <23.0 at baseline for higher isoflavone (HRisoflavones: 0.58, 95% CI: 0.34,

0.98).

Conclusions: No evidence for an overall reduction in CRC risk by increasing soy food intake (i.e., protein or isoflavones)

was observed. However, the association between soy and CRC risk may vary by BMI, smoking, and menopausal status

among women. Future investigations are needed to further understand the biologic mechanisms observed. J Nutr

2020;150:2442–2450.
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Introduction
Foods containing soy are commonly consumed in Asian
countries, including China and Japan. Tofu, miso, and natto
contain high amounts of soy and are integral components of
Chinese and Japanese diets. Soybean is rich in protein and other
phytochemicals, such as isoflavones, is low in carbohydrates,
and is a good source of essential fatty acids in Asian countries
(1). In East Asian diets, soybean is also a predominant source of
phytoestrogen isoflavones (2). The majority of phytoestrogen
intake in Western populations is obtained via lignans; however,
in Asian populations high amounts of phytoestrogens are
consumed due to the soybean-rich diet. In fact, among Asian
populations mean isoflavone intake is almost 10 times higher
than that in Western countries (1, 3, 4). Thus, additional studies

are important to increase understanding of the effects of this
commonly consumed nutritional exposure on cancer outcomes
among Asian populations.

Soy protein and isoflavones have been reported to have
potential preventive effects on cancer in some in vitro and in
vivo experiments (5, 6). Specifically, in studies using human
colon cancer cell lines, the peptide lunasin (for which soybean
is the primary source) has been reported to reduce cancer
cell proliferation and migration (7, 8), regulate the cell cycle
(9, 10), and have anti-inflammatory effects (11). Soy proteins
contain the highest concentration of lunasin (compared with
soy isolates and hydrolyzates); in contrast, soy isoflavones
may contain trace amounts of lunasin (10) and may have
preventive properties via a different biologic mechanism. As
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phytoestrogens, isoflavones have a structure similar to that
of estrogen and selectively bind to the estrogen receptor
(ER), producing an antiestrogenic response in the presence
of endogenous estrogen (12, 13) and possibly acting as a
preventive agent for hormone-related cancers. In an estrogen-
deprived environment, however, phytoestrogens could exert
estrogenic effects. There is evidence that estrogen prevents colon
tumors in animal models (14–16), in which conversion of
estradiol (14, 16) and resulting increased expression of vitamin
D receptors (15) has purported protective effects in the colon.
Furthermore, isoflavones possess additional anti-inflammatory
properties which may also affect cancer development (17). The
observed benefits of soy consumption may also be dependent on
the presence of certain gut bacteria responsible for converting
isoflavones into equol (18), resulting in metabolites with greater
anti-inflammatory potential than their precursor isoflavones
(19). Among Asians, soy food is typically high in aglycons,
which are absorbed faster than glycosides, and as a result may
be more easily converted into equol (20, 21). Thus, increasing
our understanding of the potential benefits of soy consumption
in cancer prevention is important given that soy food is a major
component of typical Asian diets, particularly in Chinese and
Japanese populations.

Previous epidemiologic studies examining soy food intake
among Asians have reported reduced risks for breast cancer
(22) and prostate cancer (23). An ∼25% reduction in risk
was observed for the association between phytoestrogens and
colorectal cancer (CRC) (24); however, the 25% risk reductions
were more evident in case–control studies, whereas among
cohort studies a null association was observed, suggesting the
possibility for differential recall bias in case–control studies. The
Shanghai Women’s Health Study (SWHS) and the Japan Public
Health Center–based Prospective Study Cohort 1 (JPHC1)
previously reported results supporting potential CRC risk
reductions in men in the highest quantile of isoflavone intake
(compared with the lowest) and soy food intake among women
(highest quantile compared with the lowest) in Shanghai (25)
and Japan (26). However, these previous analyses were based
on a short-term follow-up and small numbers of CRC cases,
preventing an in-depth evaluation of the association of soy
food intake with CRC risk and potential modifiers of this
association. Considering that Chinese and Japanese populations
have similar soy food intake habits and may have similar long-
term effects of soy food intake, we sought to address previous
limitations using a large pooled analysis of 4 population-
based prospective cohorts, with a long follow-up period,
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comprising >200,000 individuals from Chinese and Japanese
populations.

Methods
Study population
Our study utilized the resources of 4 large population-based cohort
studies conducted in China and Japan. The cohort studies from China
included the SWHS (n = 73,263) and the Shanghai Men’s Health Study
(SMHS, n = 61,433). These cohorts were pooled with cohort studies
from Japan, which included the JPHC1 (n = 40,993) and the JPHC2
(n = 52,652). Details regarding each study are provided elsewhere
(27–29). Briefly, the SWHS and SMHS recruited study participants
who were permanent residents of Shanghai in 1997–2000 and 2002–
2006, respectively. JPHC1 was initiated in 1990 and participants were
recruited from the Iwate, Akita, Nagano, Okinawa, and Tokyo, whereas
JPHC2 started in 1993 and participants were recruited from Ibaraki,
Niigata, Kochi, Nagasaki, Okinawa, and Osaka. Incident cases of
CRC in the Shanghai cohorts were identified during follow-up via
annual linkage with the population-based Shanghai Cancer Registry
and the Shanghai Vital Statistics Registry. For the Japanese cohorts,
CRC cases were identified via surveillance of major local hospitals and
population-based cancer registries. Due to unavailable data on cancer
incidence, Tokyo area was excluded. Individuals with a prior history of
cancer were excluded from all 4 cohorts to estimate incidence of first,
primary CRC. The Shanghai cohorts were approved by the institutional
review boards for human research in both China and the United
States. Similarly, the Japanese cohort study protocols were approved
by the institutional review board of the National Cancer Center, Tokyo,
Japan.

Analytic cohort
All variables relevant to the analysis were harmonized prior to pooling.
After pooling, a total of 228,341 participants were included in the
project. Person-years of follow-up for each participant were calculated
by counting the number of years on study, starting at completion of the
FFQ (baseline for Shanghai cohorts and at 5-y follow-up for Japanese
cohorts) and censored using the following criteria (whichever came
first): 1) date of CRC diagnosis (event); 2) date of other cancer diagnosis;
3) date of death; 4) date lost to follow-up; or 5) date of study end. Twelve
individuals were missing data on the last follow-up date and thus were
excluded from the analysis.

Additional exclusions were made to create the analytic cohort for
our study. First, to account for potential reverse causation, those with
>1 y of follow-up time were excluded from the analysis (n = 2189).
Individuals without dietary data (n = 1040, only in JPHC1 and
JPHC2), and those with total caloric intake 3 SDs above or below
the log-transformed cohort- and sex-specific means (n = 1819) were
further excluded. We also excluded women who were current users
of hormone replacement therapy or unknown users (n = 5776),
had existing diabetes (n = 12,376), or were diagnosed with familial
adenomatous polyposis at baseline (n = 69, only SWHS) given that these
conditions could potentially influence soy intake. After exclusions, the
final analytic cohort included a total of 205,060 individuals. Details
regarding exclusions by study cohort are provided in Supplemental
Table 1.

Soy intake
In the Shanghai cohorts, diet was assessed at baseline using a
quantitative FFQ with 11 specific items dedicated to assessing soy
foods. Specific nutrient intake was calculated using values obtained
from the Chinese Food Composition Tables (25). In the Japanese
cohorts, among those aged 45–74 y, self-administered 138-item FFQs
were conducted in 5-y follow-up surveys, which were considered our
baseline FFQ values and the start of follow-up for the Japanese cohorts.
Specific values for dietary isoflavone and soy protein intake were
calculated for each cohort using values from food composition tables in
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TABLE 1 Baseline characteristics of the participating cohorts from China and Japan1

JPHC1 JPHC2 SMHS SWHS

Baseline characteristics Men Women Men Women Men Women Total

Cohort profile
Participants, n 17,014 18,718 21,239 23,461 56,786 67,842 205,060
FFQ survey 1995–1996 1995–1996 1998–1999 1998–1999 2001–2006 1996–2000 1995–2006
Follow-up time, y2 15.5 ± 5.9 16.4 ± 3.6 12.4 ± 3.8 13.3 ± 3.1 9.2 ± 1.8 13.6 ± 2.3 12.7 ± 3.7
CRC cases, n 473 323 512 337 561 765 2971
Age, y 54.5 ± 6.0 54.6 ± 5.9 58.6 ± 8.6 58.9 ± 8.7 54.9 ± 9.6 52.1 ± 9.0 54.8 ± 8.9
Current smoker, % 46.8 4.4 41.5 5.2 59.7 2.3 26.5
Regular alcohol drinker,3 % 75.1 17.4 70.5 17.8 33.3 2.0 27.1
Physical activity,4 MET-h/wk 33.9 [15.4] 31.9 [7.2] 31.9 [10.8] 31.8 [7.2] 53.8 [44.1] 100.9 [56.9] 48.9 [60.3]
BMI, kg/m2 23.5 [3.6] 23.4 [4.0] 23.3 [3.9] 23.1 [4.0] 23.7 [4.0] 23.6 [4.5] 23.5 [4.1]
Family CRC history, % 0.9 0.8 1.5 1.4 2.1 2.2 1.8
Postmenopausal women, % — 72.8 — 76.0 — 53.6 61.6

Dietary intake
Total energy, kcal/d 2216 [937] 1857 [798] 2005 [867] 1740 [753] 1873 [620] 1642 [493] 1795 [680]
Isoflavone, mg/d 38.3 [37.1] 39.1 [36.6] 30.1 [32.9] 30.8 [33.9] 31.0 [26.8] 25.1 [24.6] 29.9 [29.3]
Soy protein, g/d 7.9 [6.9] 7.9 [6.8] 6.1 [6.0] 6.1 [6.1] 9.5 [7.6] 7.4 [6.7] 7.7 [7.1]
Red meat, g/d 47.7 [54.1] 41.3 [49.5] 41.3 [46.9] 36.9 [41.6] 54.4 [47.9] 43.8 [39.2] 45.7 [45.5]
Vegetables, g/d 179 [165] 217 [185] 159 [154] 193 [167] 306 [215] 261 [192] 244 [203]
Folate, μg/d 372 [243] 405 [261] 335 [229] 379 [252] 324 [145] 276 [127] 318 [177]

1Data presented are means ± SDs for normally distributed variables, or medians [IQRs] for variables with a skewed distribution, frequency, or proportion (%). CRC, colorectal
cancer; JPHC, Japan Public Health Center–based Prospective Study; MET-h, metabolic equivalent hours; SMHS, Shanghai Men’s Health Study; SWHS, Shanghai Women’s
Health Study.
2Mean time from enrollment to the date of diagnosis of CRC (event) or censoring due to diagnosis of other cancer, death, lost to follow-up, or end of study.
3Including heavy (>28 g/d in men and >14 g/d in women) and moderate (>0 to ≤28 g/d in men or >0 to ≤14 g/d in women) alcohol drinkers.
4Mean MET-h per week among participants who reported >0 MET-h/wk (n = 191,044).

Japan (30–32). Additional details regarding the assessment of soy intake
in the JPHC1 and JPHC2 cohorts can be found elsewhere (26). Dietary
assessments of soy using these questionnaires were previously validated,
and in comparison with 24-h recalls, the correlation coefficients for
soy foods ranged from 0.48 to 0.54 (33–36). In our analysis presented
here, we focused on soy isoflavone and soy protein intake as a proxy
for overall soy food intake. Quartiles based on the distribution of
isoflavone (milligrams per day) and soy protein (grams per day) intakes
were analyzed using cohort- and sex-specific cut points (Supplemental
Table 2).

Statistical analysis
Cox proportional hazards models were used to estimate adjusted
HRs and 95% CIs for CRC incidence. No violation of the
proportional hazards assumption was observed when interactions
between the exposure and time were examined. Schoenfeld residuals
were used to evaluate proportional hazards in the multivariate
models. Statistically significant correlations between covariate-specific
Schoenfeld residuals and person-years of follow-up were identified
for physical activity, vegetable intake, red meat intake (only among
females), and caloric intake (only in JPCH1, SWHS, and SMHS).
Thus, these variables were adjusted for using a multiplicative in-
teraction with person-years of follow-up as a covariate in relevant
models.

Time on study was calculated for each study participant as
mentioned above and used as the time scale in the analysis. All
models were adjusted for the baseline covariates age (continuous),
energy (i.e., kilocalories), and cohort. We additionally conducted a
multivariate model in which the following additional confounders
at baseline (identified using a directed acyclic graph) were included:
smoking (current, former, or never), alcohol consumption [heavy intake
(>28 g/d in men and >14 g/d in women), moderate (≤28 g/d in men
and ≤14 g/d in women), and no intake], physical activity (cohort-
and sex-specific quartiles of MET-hours per week), BMI (<18.5, 18.5–
22.9, 23–27.49, and ≥27.5 kg/m2), family history of CRC (yes or no),
red meat intake (g/d), folate intake (μg/d), vegetable intake (g/d), and

menopausal status for women (premenopausal or postmenopausal). For
the multivariate models, a complete case analysis was used in which
any missing covariate information was excluded from the models. The
percentage of missing data was low for the covariates with missing data
(i.e., physical activity 6.8%, alcohol consumption 1%, BMI 1%, and
smoking status 2.3%). Given low amounts of missing data, we imputed
the cohort-specific median values. Results from the multivariate models
via a complete case analysis approach and via imputed values for
missing covariates were nearly identical. The final analytic sample size
for the multivariate models was 186,755. In addition to estimating
HRs and 95% CIs for quartiles of dietary isoflavone and soy protein,
we also assessed the association using a continuous variable and
estimated HRs representing 1 SD intake of isoflavone (i.e., 29.4 mg/d)
and soy protein intake (i.e., 6.6 g/d) presented in Supplemental
Table 2. The shape of the dose–response curve was also evaluated
using restricted cubic splines (Supplemental Figure 1). Effect measure
modification by age, smoking status, BMI, and menopausal status was
also examined. Statistically significant differences were evaluated on the
multiplicative scale using nested models for the interaction term. All
analyses were conducted using SAS Enterprise Guide version 7.1 (SAS
Institute Inc.).

Results

The pooled analysis of 4 cohorts included a total of 205,060
individuals with a mean follow-up time of 12.7 y after
assessment of soy intake. A total of 2971 cases of incident
CRC were diagnosed over the follow-up period. The pooled
analysis consisted of participants who were nearly 55 y old on
average at baseline (Table 1). Smoking and alcohol intake were
more prevalent among males than females in all cohorts. Nearly
60% of Shanghai men reported to be current smokers, which
was higher than among Japanese men (∼41–47%). Japanese
men consumed more alcohol (>70 g/d) than Shanghai men
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TABLE 2 Association between dietary soy food intake and CRC risk in a pooled analysis of cohorts from China and Japan1

Q1 (low) Q2 Q3 Q4

Model Cases HR Cases HR (95% CI) Cases HR (95% CI) Cases HR (95% CI) P-trend

Dietary isoflavone intake
All participants

Age-, energy-, and cohort-adjusted 722 1.00 701 0.96 (0.87, 1.07) 789 1.05 (0.95, 1.17) 759 0.96 (0.86, 1.07) 0.59
Multivariate2,3 625 1.00 609 0.94 (0.83, 1.05) 697 1.07 (0.95, 1.20) 658 0.97 (0.86, 1.11) 0.68

Men4

Age-, energy-, and cohort-adjusted 387 1.00 349 0.91 (0.78, 1.05) 396 1.01 (0.88, 1.17) 414 1.01 (0.87, 1.18) 0.49
Multivariate2,5 324 1.00 295 0.86 (0.73, 1.01) 339 0.96 (0.81, 1.13) 356 1.01 (0.85, 1.21) 0.41

Women
Age-, energy-, and cohort-adjusted 335 1.00 352 1.06 (0.91, 1.23) 393 1.16 (0.99, 1.35) 345 0.99 (0.84, 1.16) 0.81
Multivariate2,6 299 1.00 311 1.00 (0.85, 1.17) 357 1.10 (0.93, 1.30) 299 0.87 (0.72, 1.05) 0.18

Dietary soy protein intake
All participants

Age-, energy-, and cohort-adjusted 719 1.00 726 0.99 (0.89, 1.10) 754 1.00 (0.90, 1.11) 772 0.96 (0.86, 1.07) 0.49
Multivariate2,3 626 1.00 625 0.96 (0.85, 1.07) 673 1.01 (0.90, 1.14) 665 0.98 (0.86, 1.12) 0.67

Men7

Age-, energy-, and cohort-adjusted 384 1.00 351 0.91 (0.79, 1.05) 404 1.03 (0.89, 1.19) 407 0.99 (0.85, 1.15) 0.70
Multivariate2,5 323 1.00 293 0.86 (0.73, 1.01) 353 1.00 (0.85, 1.18) 345 0.99 (0.83, 1.18) 0.65

Women
Age-, energy-, and cohort-adjusted 335 1.00 375 1.11 (0.95, 1.29) 350 1.02 (0.87, 1.19) 365 1.03 (0.88, 1.21) 0.95
Multivariate2,6 300 1.00 331 1.06 (0.90, 1.24) 318 0.95 (0.80, 1.12) 317 0.93 (0.77, 1.12) 0.29

1Based on the cohort- and sex-specific quartiles. Please see Supplemental Table 2 for specific cutpoint values for each cohort. CRC, colorectal cancer; Q, quartile.
2Adjusted for age, total energy, cohort, smoking status, alcohol consumption, physical activity, BMI, family history of colorectal cancer, intake of red meat, vegetable intake,
folate intake, and menopausal status in women.
3Complete case analysis based on total sample size of n = 186,755 with 2589 colorectal cancer cases.
4P for multiplicative interaction was 0.15 for isoflavone intake using likelihood ratio test from nested models.
5Complete case analysis based on total sample size of n = 85,916 with 1314 colorectal cancer cases among men.
6Complete case analysis based on total sample size of n = 100,204 with 1266 colorectal cancer cases among women.
7P for multiplicative interaction was 0.14 for soy protein intake using likelihood ratio test from nested models.

(34 g/d) on average. Approximately 62% of the women in
the pooled cohort were postmenopausal. The median daily
intakes of isoflavone and soy protein intake were nearly 30 mg
and 8 g per d, respectively, and were similar across the 4
cohorts. Details regarding cohort-specific cutpoint values for
isoflavone and soy protein intake are provided in Supplemental
Table 2.

Overall, there were no statistically significant associations
of soy isoflavone or soy protein intake with CRC risk in the
pooled analysis or when these variables were stratified by sex
(Table 2). Although no association was observed, an increased
hazard for CRC was suggested for higher intake of isoflavones,
as indicated by the P-trend (HR: 1.19; 95% CI: 0.90, 1.57; P-
trend = 0.05). However, other associations from the cohort-
specific analyses were not statistically significant (Figure 1). We
further noted a potential U-shape for soy isoflavones in relation
to CRC risk, as indicated by the higher risk observed in the third
quartile.

In Table 3, data are shown for our examination of
potential effect measure modification by median age, smok-
ing status, menopausal status, and cancer site. For both
isoflavone and soy protein intake, there was an indication
of a reduced hazard of CRC among ever smokers con-
suming the high isoflavones (HRQ4 vs. Q1: 0.83; 95% CI:
0.68, 1.00) and soy protein (HRQ4 vs. Q1: 0.81; 95% CI:
0.67, 0.99) compared with ever smokers with lower intake.
Reduced hazards of similar magnitudes were observed among
women who were premenopausal at baseline for intakes
of both isoflavone (HRQ4 vs. Q1: 0.81; 95% CI: 0.63, 1.04;

P-trend = 0.03) and soy protein (HRQ4 vs. Q1: 0.87; 95%
CI: 0.68, 1.12), though the associations did not achieve
statistical significance. Furthermore, no statistically significant
differences between strata were observed on the multiplicative
scale.

In Table 4, data for further analysis stratified by BMI
demonstrate an observed a statistically significant linear trend
with increasing intake among those in the highest category
of BMI (i.e., ≥27.5), with an ∼40% increased hazard for
CRC observed among those consuming high amounts of
isoflavones (HRQ4 vs. Q1: 1.39; 95% CI: 0.98, 1.97) or soy
protein (HRQ4 vs. Q1: 1.42; 95% CI: 1.01, 2.00). Among
premenopausal women, there was an indication for reduced
hazards for isoflavone (HRQ4 vs. Q1: 0.58; 95% CI: 0.34, 0.98)
among premenopausal women with BMI <23.0. Increased CRC
hazards were also observed among men and postmenopausal
women; however, the estimates were imprecise due to fewer
observed CRC events in these subgroups. This interaction
was also examined using continuous measure by estimating
HRs for 1-SD increases in isoflavone and soy protein intake
in Supplemental Table 3. Similar increased hazards were
observed in subgroups of individuals with higher BMIs
(≥27.5).

Discussion

In this pooled analysis of 4 large population-based cohorts con-
ducted among Chinese and Japanese individuals, we observed
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FIGURE 1 Association between dietary soy isoflavone (mg/d; A) and soy protein (g/d; B) intake and colorectal cancer risk by study cohorts and
fixed-effects meta-analysis. P-heterogeneity for soy isoflavone intake was 0.60, 0.45, and 0.14, for Q2, Q3, and Q4, respectively. P-heterogeneity
for soy protein intake was 0.22, 0.33, and 0.71, for Q2, Q3, and Q4, respectively. The cohort- and sex-specific quartiles were used (see
Supplemental Table 2 for specific cutpoint values for each cohort). Complete case analyses (based on total sample size of n = 186,755 with
2589 colorectal cancer cases) were adjusted for age, total energy, sex, smoking status, alcohol consumption, physical activity, obesity status,
family history of colorectal cancer, intake of red meat, vegetable intake, folate intake, and menopausal status in women. JPHC1, Japan Public
Health Center–based Prospective Study Cohort 1; JPHC2, Japan Public Health Center–based Prospective Study Cohort 2; Q, quartile; SWHS,
Shanghai Women’s Health Study.

42% hazard reductions for CRC among premenopausal women
with low BMI (<23.0) consuming higher amounts relative to
lower amounts of isoflavones.

Few previous studies have been conducted to examine
associations between soy foods and CRC incidence. Previous
studies among Asian populations examined both soy and
isoflavone intake in relation to CRC risk (37–41); however,
the results from these prior studies are inconsistent. The
majority of the previous studies were case–control in design
and reported risk reductions ranging from ∼6% to ∼29% (37,
38, 40, 41) for higher intakes of soy foods and/or isoflavones
in relation to CRC incidence. It is possible that many of
these case–control designs could be biased away from the null
due to differential recall of dietary exposures. Two previous
studies (39, 42), which were not included in our pooled
analysis, examined soy intake among Asian populations using
a prospective cohort design. Oba et al. conducted a prospective
population-based cohort study among a total of ∼30,000 men
and women in Japan who were followed for an average of
7 y, during which 213 individuals developed colon cancer. Soy
intake was assessed at baseline using an FFQ, and Oba et
al. reported nearly halving of the risk of colon cancer among
women consuming highest tertile of soy product consumption
compared with the lowest (HRT3 vs. T1: 0.56, 95% CI: 0.34, 0.92)
(39). Similarly, Butler et al. examined the association between
both isoflavones and soy foods in relation to CRC incidence
among a Singaporean population-based cohort including more
than 60,000 men and women who were followed for nearly
10 y (42). No association was observed for CRC individual

intakes of isoflavones (HRQ4 vs. Q1: 0.95, 95% CI: 0.79, 1.13)
and soy foods (HRQ4 vs. Q1: 0.95, 95% CI: 0.78, 1.16) also
assessed at baseline via FFQ among a population of Singaporean
Chinese individuals.

In our study, we observed potential differences in the associa-
tions between soy and CRC risk when stratified by BMI. A meta-
analysis reported that expression of ER-β was reduced in CRC,
indicating the potential for ER-β to act as a tumor suppressor
(43), and isoflavones have been suggested to preferentially
bind to ER-β (44, 45). The reduced hazards observed among
premenopausal women consuming higher amounts of soy may
reflect increased ER-β transactivation due to the combination
of phytoestrogen intake and endogenous estrogen. It has been
suggested that increased soy intake among perimenopausal
women may help to improve the various symptoms of
menopause (46). However, the potential benefit of increased
soy intake during the menopausal transition for reducing CRC
risk, particularly among women with low BMI, is unclear.
The potential preventive role of estrogen exposure in CRC
development has been corroborated in population-based studies
in which the incidence of CRC was reduced among women using
oral contraceptives (47) and those using hormone replacement
therapy (48) compared with those who were not. Furthermore,
our results indicate that CRC risk reduction among those
consuming higher amounts of soy does not persist among
those with higher BMI (i.e., ≥27.5), regardless of menopausal
status or sex. These results are not intuitive, especially among
postmenopausal women, given the potential for soy to exert an
estrogenic effect in the presence of low endogenous estrogen.
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TABLE 3 Association between dietary soy food intake and CRC incidence in a pooled analysis of cohorts from China and Japan,
stratified by baseline CRC risk factors and by CRC site1

Q1(low) Q2 Q3 Q4

Model Cases HR Cases HR (95% CI)2,3 Cases HR (95% CI)b,c Cases HR (95% CI)b,c P-trend P-heterogeneity4

Dietary isoflavone intake
Median age, y

≤53 197 1.00 176 0.91 (0.74, 1.12) 203 1.13 (0.92, 1.38) 156 0.98 (0.79, 1.23) 0.78 0.68
>53 428 1.00 433 0.92 (0.80, 1.06) 494 1.00 (0.87, 1.15) 502 0.93 (0.80, 1.08) 0.75

Smoking status
Ever 240 1.00 209 0.80 (0.66, 0.96) 249 0.92 (0.77, 1.11) 237 0.83 (0.68, 1.00) 0.69 0.15
Never 385 1.00 400 1.01 (0.87, 1.16) 448 1.13 (0.98, 1.30) 421 1.03 (0.88, 1.21) 0.77

Menopausal status
Premenopausal 152 1.00 152 1.02 (0.81, 1.28) 166 1.05 (0.83, 1.32) 146 0.81 (0.63, 1.04) 0.03 0.68
Postmenopausal 147 1.00 159 1.02 (0.81, 1.28) 191 1.21 (0.96, 1.51) 153 0.93 (0.72, 1.19) 0.81

Cancer site
Colon 370 1.00 384 0.97 (0.84, 1.13) 422 1.05 (0.91, 1.23) 421 1.01 (0.85, 1.19) 0.81 0.80
Rectal 217 1.00 206 0.93 (0.76, 1.13) 243 1.09 (0.89, 1.33) 208 0.92 (0.73, 1.15) 0.62

Dietary soy protein intake
Median age, y

≤53 201 1.00 185 0.97 (0.79, 1.18) 182 1.01 (0.82, 1.24) 164 1.04 (0.84, 1.30) 0.99 0.77
>53 425 1.00 440 0.94 (0.82, 1.07) 491 0.98 (0.85, 1.12) 501 0.92 (0.79, 1.07) 0.63

Smoking status
Ever 238 1.00 214 0.82 (0.68, 0.99) 250 0.94 (0.78, 1.12) 233 0.81 (0.67, 0.99) 0.62 0.09
Never 388 1.00 411 1.04 (0.90, 1.20) 423 1.03 (0.89, 1.19) 432 1.05 (0.90, 1.23) 0.75

Menopausal status
Premenopausal 152 1.00 165 1.09 (0.87, 1.36) 143 0.88 (0.69, 1.12) 156 0.87 (0.68, 1.12) 0.07 0.40
Postmenopausal 148 1.00 166 1.07 (0.86, 1.34) 175 1.10 (0.88, 1.38) 161 0.98 (0.77, 1.26) 0.67

Cancer site
Colon 385 1.00 385 0.94 (0.81, 1.09) 406 0.95 (0.82, 1.10) 421 0.95 (0.80, 1.12) 0.66 0.67
Rectal 204 1.00 221 1.07 (0.88, 1.30) 233 1.12 (0.92, 1.38) 216 1.04 (0.83, 1.31) 0.80

1Based on the cohort- and sex-specific quartiles. Please see Supplemental Table 2 for specific cutpoint values for each cohort. CRC, colorectal cancer; Q, quartile.
2Adjusted for age, sex, total energy, cohort, smoking status, alcohol consumption, physical activity, BMI, family history of colorectal cancer, intake of red meat, vegetable
intake, folate intake, and menopausal status in women.
3Complete case analysis based on total sample size of 186,755 with 2589 colorectal cancer cases.
4Calculated using the likelihood ratio test for nested models for the multiplicative interaction term. P for overall heterogeneity was calculated to determine differences by cancer
site.

However, increased body fat mass is known to be a source
of estrogen production (49), thus it is possible that adipose
tissue may be a source of estrogen in postmenopausal women
with higher BMI. However, this possibility would not explain
our finding seen among overweight men. Thus, it is possible
that the combination of high soy intake and high BMI may
lead to increased CRC risk via other mechanisms (50–52), for
example via increased insulin-like growth factor 1 production,
which could nullify a potential benefit of increased estrogen-
induced ER-β expression in this subgroup. Finally, although
we adjusted for red meat consumption in the pooled analysis,
we were unable to adjust for processed meats specifically.
Thus, it is possible that potential residual confounding by
processed meat consumption could be an issue in our pooled
analysis.

Our study has several strengths. First, we examined the
association between soy food intake and CRC risk using a
pooled cohort of 205,060 individuals with an average follow-
up time of 12.7 y, during which nearly 3000 CRC cases
were identified. To our knowledge, this is the largest pooled
population-based cohort study to examine the association
between soy and CRC. However, diet was assessed at baseline,
and the average time from baseline assessment to diagnosis in
our pooled cohort was 8.5 y. We are unable to account for
changes in diet over the follow-up period in this analysis, which

influenced our results, especially among those diagnosed with
cardiovascular disease over the follow-up period, which could
have led to changes in dietary behaviors in these populations.
However, it is also possible that the soy and isoflavone intakes
in our pooled study were assessed during a biologically plausible
etiologic exposure window for CRC, which may be close to
a decade (53). Given that most Asians consume soy on a
regular basis, and it is considered a dietary staple, drastic
changes in soy intake over time may be of lesser concern in this
population.

In conclusion, we report reduced risk for CRC among
women who were premenopausal and had a low BMI
(i.e., <23) at baseline, and who consumed higher amounts
soy foods. In contrast, among postmenopausal women and
men with higher BMI (i.e., ≥27.5), nearly 30% to 50%
increased CRC hazards were observed for those with higher
intakes of isoflavone and soy protein compared with those
with lower intakes. Future investigations should explore the
relationship between soy intake and CRC among those with
higher BMI to further understand the mechanisms behind
this association. Further exploration of personalized nutrition
approaches based on genetic variations and differences in
the gut microbiome may help to identify specific groups
of individuals that may benefit the most from soy food
consumption.
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TABLE 4 Evaluation of potential interaction between soy food intake and BMI on CRC risk among women (pre- and
postmenopausal) and men: a pooled analysis of data from 4 cohorts conducted in China and Japan1

Q1 (low) Q2 Q3 Q4

Model Cases HR Cases HR (95% CI)2,3 Cases HR (95% CI)b,c Cases HR (95% CI)b,c P-trend P-heterogeneity4

Dietary isoflavone intake
All participants, BMI

<23.0 260 1.00 245 0.90 (0.75, 1.08) 273 1.05 (0.87, 1.26) 222 0.82 (0.67, 1.02) 0.24 0.88
23.0 to 27.49 284 1.00 285 0.90 (0.76, 1.07) 319 0.96 (0.81, 1.14) 327 0.92 (0.76, 1.11) 0.73
≥27.5 79 1.00 76 1.01 (0.73, 1.39) 104 1.38 (1.00, 1.90) 106 1.39 (0.98, 1.97) 0.03

Premenopausal women, BMI
<23.0 60 1.00 49 0.97 (0.65, 1.44) 57 1.08 (0.71, 1.63) 34 0.58 (0.34, 0.98) 0.16 0.65
23.0– 27.49 63 1.00 76 1.11 (0.78, 1.57) 80 0.99 (0.68, 1.43) 76 0.76 (0.50, 1.15) 0.05
≥27.5 29 1.00 27 0.91 (0.52, 1.57) 29 0.85 (0.47, 1.52) 36 0.83 (0.43, 1.58) 0.59

Postmenopausal women, BMI
<23.0 68 1.00 72 0.98 (0.69, 1.37) 75 1.03 (0.72, 1.47) 67 0.99 (0.67, 1.49) 0.79 0.67
23.0–27.49 64 1.00 72 1.03 (0.73, 1.46) 90 1.25 (0.88, 1.76) 70 0.93 (0.63, 1.39) 0.87
≥27.5 15 1.00 15 1.02 (0.49, 2.12) 26 1.75 (0.87, 3.50) 16 1.26 (0.55, 2.90) 0.17

Men, BMI
<23.0 132 1.00 124 0.88 (0.68, 1.13) 141 1.04 (0.81, 1.35) 121 0.91 (0.68, 1.21) 0.73 0.45
23.0–27.49 157 1.00 137 0.78 (0.61, 0.98) 149 0.82 (0.64, 1.04) 181 0.98 (0.76, 1.26) 0.62
≥27.5 35 1.00 34 0.90 (0.55, 1.48) 49 1.39 (0.87, 2.23) 54 1.53 (0.93, 2.52) 0.03

Dietary soy protein intake
All participants, BMI

<23.0 262 1.00 249 0.92 (0.77, 1.10) 267 1.01 (0.84, 1.21) 222 0.82 (0.66, 1.01) 0.19 0.87
23.0–27.49 280 1.00 297 0.95 (0.81, 1.13) 310 0.93 (0.78, 1.11) 328 0.93 (0.77, 1.13) 0.58
≥27.5 81 1.00 78 1.03 (0.75, 1.42) 94 1.18 (0.85, 1.62) 112 1.42 (1.01, 2.00) 0.02

Premenopausal women, BMI
<23.0 60 1.00 55 1.04 (0.71, 1.52) 48 0.87 (0.57, 1.34) 37 0.66 (0.39, 1.10) 0.27 0.44
23.0–27.49 63 1.00 81 1.21 (0.86, 1.71) 72 0.88 (0.60, 1.29) 79 0.80 (0.53, 1.20) 0.04
≥27.5 29 1.00 29 0.92 (0.53, 1.59) 23 0.66 (0.36, 1.21) 40 1.00 (0.53, 1.86) 0.90

Postmenopausal women, BMI
<23.0 69 1.00 75 1.04 (0.74, 1.45) 69 0.90 (0.63, 1.30) 70 1.01 (0.68, 1.49) 0.94 0.83
23.0–27.49 64 1.00 74 1.07 (0.76, 1.50) 87 1.13 (0.80, 1.59) 71 0.93 (0.63, 1.37) 0.74
≥27.5 15 1.00 17 1.18 (0.58, 2.40) 20 1.35 (0.66, 2.77) 20 1.47 (0.67, 3.26) 0.11

Men, BMI
<23.0 133 1.00 119 0.86 (0.67, 1.11) 151 1.10 (0.85, 1.42) 115 0.85 (0.64, 1.14) 0.46 0.39
23.0–27.49 153 1.00 142 0.81 (0.64, 1.03) 151 0.85 (0.66, 1.08) 178 0.99 (0.76, 1.28) 0.64
≥27.5 37 1.00 32 0.80 (0.49, 1.31) 51 1.27 (0.80, 2.02) 52 1.38 (0.85, 2.25) 0.05

1Based on the cohort- and sex-specific quartiles. Please see Supplemental Table 2 for specific cutpoint values for each cohort. . CRC, colorectal cancer.
2Adjusted for age, total energy, cohort, smoking status, alcohol consumption, physical activity, BMI, family history of CRC, intake of red meat, vegetable intake, fte, a intakend
menopausal status in women.
3Complete case analysis based on total sample size of n = 185,482 with 2568 CRC cases.
4Estimated by likelihood ratio test to compare the models with and without a multiplicative interaction term.
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